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Description 

[0001] This invention relates to polymer compositions 
having reinforced spherulitic boundaries and improved 
interiamellar strength. 

[0002] Polypropylene crystallizes in a spherulitic mor- 
phology with inherently weak spherulite boundaries 
subject to fracture upon impact. The spherulite bound- 
aries, which are critical to strength, tend to be weak 
causing premature failure under most loading condi- 
tions. 

[0003] Polypropylene blends using ethylene as a 
toughening agent have been described, see for exam- 
ple "Morphology and Properties of Blends of Polypro- 
pylene with Ethylene-Propylene Rubber," Jang et al., 
Polymer Engineering and Science, V. 24, No.8, Mid- 
June 1984 describing rubbers dispersed as small parti- 
cles in the polypropylene matrix, "Polyesters to 
Polypeptide Synthesis, " Encyclopedia of Polymer Sci- 
ence and Engineering , V. 12 pp 443-444 stating that 
polypropylene blends exhibit improved toughness, 
"Rubber-Toughening in Polypropylene," Jang et al., 
Journal of Applied Polymer Science, V. 30, (1985), pp 
2485-2504 observing that the rubber particles were ran- 
domly dispersed in the polypropylene matrix, were en- 
gulfed by the growing matrix, and did not reside prefer- 
entially at the spherulite boundaries, "Crystalline Mor- 
phology of Polypropylene and Rubber-Modified Poly- 
propylene," Journal of Applied Polymer Science, V. 29, 
pp 4377-4393 (1984) showing that the rubber phase is 
not preferentially pushed to the spherulite boundaries 
and the distribution of the rubber particles is random in 
the polypropylene matrix. "Propylene/ethylene-co-pro- 
pylene blends: influence of molecular structure of EPR 
and composition on phase structure of isothermally 
crystallized samples," D'Orazio et al., Journal of Mate- 
rials Science V 26, pp 4033-4047 (1991) discusses 
amorphous EPR minor component segregation mainly 
in spherical shaped domains distributed in intra and in- 
terspheruiitic regions. However, no interspherulitic 
boundary strengthening was observed. Indeed, be- 
cause the copolymers discussed are amorphous, they 
are unable to crystallize and hence cannot provide re- 
inforced spherulite boundaries and interiamellar links, 
as in the present invention. 

[0004] Several U.S. patents are also directed to pro- 
pylene ethylene polymer compositions see for example 
4946898 and 4948841 to Kasahara et al., 4774292 to 
Thiersault et al., and 4395519 to Minami et al. The 
above patents do not disclose a semi-crystalline poly- 
mer blend where the copolymer of the blend is prefer- 
entially located at the spherulite boundaries as does the 
present invention. 

[0005] This invention provides a semicrystalline poly- 
mer composition with reinforced spherulite boundaries 
and Interiamellar links, comprising a major amount of a 
semicrystalline polypropylene homopolymer and a mi- 
nor amount of a semicrystalline propylene ethylene co- 



polymer and a process of making the same. The semi- 
crystalline copolymer will be located at the spherulite 
boundaries. As used herein, a minor amount means 1 
to 50 wt.% and a major amount means at least 50 wt.% 
5 up to 99.9 wt.%. 

[0006] The semicrystalline copolymer has a lower de- 
gree of crystallinity and crystallization temperature than 
the semicrystalline homopolymer. The semicrystalline 
homopolymer and semicrystalline copolymer are mixed 

10 through melt or solution blending, and then processed 
under cooling conditions which allow the semicrystalline 
homopolymer to crystallize before the semicrystalline 
copolymer located at the spherulite boundaries. As the 
semicrystalline homopolymer crystallizes, the noncrys- 

*5 tallizable segments of the semicrystalline copolymer are 
rejected from the lamellae within and between spheru- 
lites. Probably, the crystallization of the crystallizable 
segments in adjacent lamellae and/or spherulites allows 
for strengthening of the interiamellar and interspherulitic 

20 regions by adding to tie molecule concentration. These 
regions would otherwise have a tendency to be weak 
under many loading conditions. 
[0007] The semicrystalline copolymer chains are 
comprised of crystallizable and noncrystallizable seg- 

25 ments. As used herein noncrystallizable segments 
means that such segments will not crystallize under the 
same conditions that the homopolymer crystallizes un- 
der. Crystallizable segments means that such segments 
will crystallize under the same conditions as the 

30 homopolymer. 

[0008] All polymers referred to herein are semicrys- 
talline polymers. Semicrystalline polymers have both a 
crystalline phase and an amorphous phase, the former 
residing in a plate-like lamellar structure. During solidi- 

35 fication, the lamellae become radially oriented into 
structures known as spherulites. During crystallization, 
the lamellae and spherulites have a tendency to reject 
low molecular weight polymer as well as various impu- 
rities into interiamellar and interspherulitic regions. This 

40 segregation often results in poor mechanical perform- 
ance since the interiamellar and interspherulitic regions 
are local areas of mechanical weakness. 
[0009] By this invention a homopolymer is blended 
with a copolymer . Such copolymer must be miscible in 

45 the melt with the homopolymer at the concentrations 
used. The copolymer is comprised of the homopolymer 
and a comonomer. The copolymer is .1 to 50 wt. %, pref- 
erably 5 to 30 wt.%, more preferably 10 wt.%, of the pol- 
ymer blend formed by this invention. 

so [0010] The amount of comonomer in the copolymer 
can range from 1 to 70 wt.% depending on the comon- 
omer used. The amount of comonomer must be such 
that the copolymer is miscible in the melt with the 
homopolymer and the copolymer must be capable of 

55 cocrystallizing in the blend during crystallization. When 
ethylene is the comonomer, it may be present in an 
amount up to 8 wt.%. Ethylene amounts greater than 8 
wt.% would not provide the necessary melt miscibility. 
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Such mett miscibifities are easily determinable by those 
skilled in the art (see for example Lohse, "The Melt Com- 
patibility of Blends of Polypropylene and Ethylene-Pro- 
pylene Copolymers," Polymer Engineering and Sci- 
ence, November 1986, Vol. 26, No. 21. pp 1500-1509). 5 
As used herein comonomer means one of the mono- 
mers comprising the copolymer. 
[0011] The copolymers used in the present invention 
are olefin based copolymers, meaning that the polymer 
chain backbone is an olefin. The copolymers may be io 
random copolymers or block copolymers. A block copol- 
ymer is one in which the monomer units occur in rela- 
tively long alternate sequences on a chain. 
[0012] The homopolymer is polypropylene, more 
preferably isotactic polypropylene. The comonomer of *5 
the copolymer is ethylene. Hence, the copolymers uti- 
lized with polypropylene as the homopolymer are pro- 
pylene ethylene. Likely, the nonstereoregular sequence 
of the comonomer of the copolymer disrupts crystallinity 
and hence lowers the crystallization temperature of the 20 
copolymer. 

[001 3] After the homopolymer has been blended with 
the copolymer, the blend is melted and then allowed to 
cool at a rate dictated by the crystallization temperature 
and crystallization kinetics of the specific blend. This is 25 
easily determined by one skilled in the art. The homopol- 
ymer must have completely formed spherulites before 
the copolymer at the spherulite boundaries begins to 
crystallize. This means that primary crystallization must 
have been completed in the homopolymer prior to onset 30 
of crystallization of the copolymer at the spherulite 
boundaries. Primary crystallization occurs during spher- 
ulite formation of the semicrystalline homopolymer. The 
desired cooling rate will be a function of the difference 
in crystallization temperature and crystallization rates 35 
between the homopolymer and copolymer. The greater 
the difference the faster the cooling rate can be. The 
difference in crystallization temperature of the homopol- 
ymer and copolymer is 20 to 100°C, preferably 50 to 
100°C with the crystallization temperature of the copol- *o 
ymer being lower. 

[0014] During spherulite formation, likely the 
homopolymer will crystallize first, but allow the crystal- 
lizable segments of the copolymer to cocrystallize with 
it. However, the noncrystallizable segments of the co- <5 
polymer will be rejected from between adjacent lamellae 
within or between spherulites. The crystallizable seg- 
ments of the copolymer chains which are in the body of 
the spherulites attach themselves to adjacent lamellae, 
enhancing the link between these lamellae by adding to 50 
interiamellar tie molecule concentration. The crystalliz- 
able segments of the copolymer chain which are at the 
spherulite boundaries attach themselves to the lamellae 
across adjacent boundaries enhancing the concentra- 
tion of interspherulitic tie molecules. In this way, the mo- 55 
iecular link between spherulites and lamellae becomes 
enhanced, resulting in improved failure resistance and 
mechanical performance. 



[0015] The following example is illustrative and not 
limiting in any way. 

EXAMPLE 1 

[0016] 900 grams of 35 melt flow rate polypropylene 
homopolymer was combined with 100 grams of 30.1 
melt flow rate ethylene propylene random copolymer 
containing 5.1 percent ethylene units. The two polymers 
were then dry-blended by mixing in a plastic bag. The 
mixture was then extruded at a temperature of 180°C 
and pelletized. 

[0017] 10 pellets were then placed between two alu- 
minum sheets which were then placed in a compression 
mold and melted at 200°C for one minute. 10900 kg 
(24000 pounds) of pressure were applied to a 30.5cm 
(12") by 30.5cm (12") mold containing the melt. The ma- 
terial was then cooled at a rate of 5°C per minute and 
held at 1 30°C for 30 minutes under pressure. The ma- 
terial was then removed from the mold and the alumi- 
num sheets peeled off. 

EXAMPLE 2 (materials not according to the invention) 

[0018] 6.3 grams of 200 melt flow rate polypropylene 
homopolymer was combined with 0.7 grams of a crys- 
talline-amorphous block polypropylene prepared in ac- 
cordance with J. Am. Chem. Soc. 1990,112,2030-2031, 
"rac-[Ethylidene(l-n 5 -tetramethylcyclopentadienyl) 
(1-Tl 5 -indenyl)]dichlorotitanium and Its Homopolymeri- 
zation of Propylene to Crystalline-Amorphous Block 
Thermoplastic Elastomers, Mallin, Rausch, Lin. Dong, 
and Chien, only polymerized at 30°C. The two polymers 
were dry blended by mixing in a paper cup. The mixture 
was then extruded at a temperature of 190°C and pel- 
letized. 

[001 9] 5 grams were then placed within a tensile mold 
0.5mm (0.020 inches) thick, 2.5mm (0.1 inches) wide, 
and 25mm (1 inch) long between two aluminum sheets 
in a compression mold and melted at 200°C for 2 min- 
utes under slight pressure. 34.5kPa (5.000 lbs) of pres- 
sure were applied to the 1 2" x 1 2" platens containing the 
melt. The material was then cooled at a rate of approx- 
imately 100°C per minute by transferring the mold and 
aluminum between water cooled platens. An impact 
specimen was prepared by taking some of the tensile 
specimens and remolding them into an IZOD type im- 
pact specimen using the same molding conditions as 
above. Tensile properties of this blend show an elonga- 
tion of 300% , versus 5.7% for the 200 melt flow rate base 
polypropylene alone. Impact energy was 0.54 joules 
(0.4 foot-pounds) for the blend versus 0.054 joules (0.04 
foot-pounds) for the base polypropylene. 
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1. A polymer composition comprising 
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a major amount (50 wt% up to 99.9 wt%) of a 
semicrystalline polypropylene homopolymer 
and 

a minor amount (0.1 to 50 wt%) of a semicrys- 
talline propylene ethylene copolymer 

wherein the homopolymer and the copolymer 
are melt miscible and the copolymer has a low- 
er degree of crystallinity and a lower crystalli- 
zation temperature than the homopolymer, 

the crystalline portions of the copolymer being 
co-crystallized onto adjacent lamellae of the 
homopolymer. and 

the non-crystallline portions of the copolymer 
being located at the spherulite boundaries and 
between the lamellae of the homopolymer. 

2. A process of forming a polymer composition having 
increased spherulite boundary and interlamellar 
strength comprising the steps of: 

a) mixing a semicrystalline polypropylene 
homopolymer with a semicrystalline propylene 
ethylene copolymer wherein the copolymer has 
a lower crystallization temperature than the 
homopolymer to form a polymer mixture 

b) melting the polymer mixture wherein the co- 
polymer and the homopolymer are melt misci- 
ble, 

c) crystallizing the melted polymer mixture by 
cooling at a rate sufficient to allow the homopol- 
ymer to form spherulites and thereafter contin- 
uing to cool to allow the copolymer or the crys- 
talline portions of the homopolymer to co-crys- 
tallize onto adjacent lamellae of the homopoly- 
mer, and the non-crystalline portions of the co- 
polymer to locate at the sperulite boundaries 
and between the lamellae of the homopolymer. 

Patentanspruche 

1. Polymerzusammensetzung, die 

eine grCfiere Menge (50 Gew.-% bis 99,9 Gew.- 
%) eines semikristallinen Polypropylenhomop- 
olymers und 

eine geringere Menge (0,1 bis 50 Gew.-%) ei- 
nes semikristallinen Propylen/Ethylen-Copoly- 
mers, 

wobei das Homopolymer und das Copolymer 
in der Schmelze mischbar sind und das Copo- 
lymer einen niedrigeren Grad an Kristallinitat 



und eine niedrigere Kristallisationstemperatur 
aufweist als das Homopolymer, 
die kristallinen Teile des Copolymers auf an- 
grenzende Lamellen des Homopolymers co- 
5 kristallisiert sind und 

die nicht-kristallinen Teile des Copolymers an 
den SphSrolitgrenzen und zwischen den La- 
mellen des Homopolymers angeordnet sind. 

10 2. Verfahren zur Bildung einer Polymerzusammenset- 
zung mit erhfihter SphSrolitgrenz- und interlamella- 
rer Festigkeit, bei dem: 

(a)ein semikristallines Polypropylenhomopoly- 

15 mer mit einem semikristallinen Propyl en/Ethy- 

len-Copolymer gemischt wird, wobei das Cop- 
olymer eine niedrigere Kristallisationstempera- 
tur aufweist als das Homopolymer, urn eine Po- 
lymermischung zu bilden, 

20 (b) die Polymermischung geschmolzen wird, 

wobei das Copolymer und das Homopolymer 
in der Schmelze mischbar sind, 
(c) die geschmolzene Polymermischung durch 
Abkuhlen mit einer Rate kristallisiert wird, die 

25 ausreicht, urn zu eriauben, daB das Copolymer 

Oder die kristallinen Teile des Homopolymers 
auf angrenzende Lamellen des Homopolymers 
co-kristallisieren und sich die nicht-kristallinen 
Teile des Copolymers an den Spharolitgrenzen 

30 und zwischen den Lamellen des Homopoly- 

mers anordnen. 

Revendications 

35 

1. Composition polymere comprenant 

une quantite majeure (50 % en poids a 99,9 % 
en poids) d'un homopolymere de polypropyle- 
40 ne semicristatlin, et 

une quantite mineure (0,1 % en poids a 50 % 
en poids) d'un copolymere de propylene-ethy- 
lene semicristallin, 

dans laquelle Thomopolymere et le copolymere 
45 sont miscibles a I'etat fondu et le copolymere a 

un degre de cristaliinite et une temperature de 
cristallisation inferieurs a ceux de I'homopoly- 
mere, la difference de temperature de cristalli- 
sation etant de 20°C a 100°C. 
50 les parties cristallines du copolymere etant co- 

cristallisees sur des strates voisines de I'homo- 
polymere, et 

les parties non cristallines du copolymere etant 
situees aux limites des spherulites et entre les 
55 strates de I'homopolymere. 

2. Procede de formation d'une composition polymere 
ayant une limite de spherulite et une resistance in- 
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terstrates accrues, comprenant les etapes 
suivantes : 

(a) on melange un homopoiymere de polypro- 
pylene semicristallin avec un copolymers de 5 
propylene-ethylene semicristallin dans lequel 

le copolymere a une temperature de cristallisa- 
tion inferieure a celle de I'homopolymere, la dif- 
ference de temperature de cristallisation etant 
de 20°C a 100°C, pour former un melange de to 
polymeres de 50 % en poids a 99,9 % en poids 
d'homopolymere de polypropylene et de 0,1 % 
en poids a 50 % en poids de copolymere de 
propylene-ethylene. 

(b) on fait fondre le melange de polymeres dans *5 
lequel le copolymere et I'homopolymere sont 
miscibles a I'etat fondu, 

(c) on cristallise le melange de polymeres fon- 
dus par refroidissement a une cadence suffi- 
sante pour permettre a I'homopolymere de for- 20 
mer des spherulites et ensuite, on continue a 
refroidir pour permettre au copolymere ou aux 
parties cristallines de I'homopolymere de se co- 
cristalliser sur des strates voisines de I'homo- 
polymere, et aux parties non cristallines du co- 25 
polymere de se situer aux limites des spheruli- 
tes et entre les strates de I'homopolymere. 
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